Use of mammalian DNA repair-deficient mutants to assess the effects of toxic metal compounds on DNA.
Wild-type and repair-deficient cell lines ( EM9 ) of Chinese Hamster Ovary cells were utilized to assess cytotoxic responses towards metals that produce lesions in DNA. Alkaline elution studies indicated that both CaCrO4 and HgCl2 induced single-strand breaks in the DNA. CaCrO4 and HgCl2 treatments of intact Chinese hamster ovary cells also caused the induction of DNA cross links. The mutant cells, which are thought to have a defect in the repair polymerase enzyme and therefore exhibit greater sensitivity towards a variety of agents that produce lesions in the DNA such as X-rays and ultraviolet-light, also displayed a greater sensitivity, compared to wild-type cells, towards the cytotoxic response of HgCl2 and CaCrO4 . For example, the IC50 (concentration producing a 50% growth inhibition) following exposure for 6-hr to CaCrO4 or 1 hr to HgCl2 was 3.4-fold or 1.8- to 3.9-fold greater in wild-type cells compared to repair-deficient cells respectively. Mutant cells compared to wild-type cells were not more sensitive to growth inhibition by agents whose primary site of action was not at the DNA level (i.e. amphotericin B, trifluoroperazine and cycloheximide). The DNA crosslinks induced by exposure to 10 microM CaCrO4 for 6 hr were almost completely repaired in wild-type cells within 24 hr, whereas in similarly exposed mutant cells this lesion was initially more pronounced and was only partially repaired following a 24-hr recovery period in the absence of CaCrO4 . The repair of single-strand breaks induced by CaCrO4 was more rapid and similar in both wild-type and mutant cells. Since Hg(II) inhibits repair of single-strand breaks, we could not study repair of this lesion induced by this agent; however, at very low concentrations (1 microM) binding of 203Hg(II) to DNA was greater in the mutant cells compared to the wild-type cells. Following removal of 203Hg(II) from the media, mutant cells generally retained more 203Hg bound to DNA relative to the total 203Hg(II) present in the cell. These results demonstrate that an important toxic action of CaCrO4 and HgCl2 involves injury to DNA since the concentrations of these metals causing measurable DNA damage were consistent with their respective cytotoxic concentrations and DNA repair-deficient mutants displayed both enhanced cytotoxicity and decreased repair of metal-induced lesions.